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Abstract 
The polymer-modified cementitious materials are widely used as functional building materials since the expanding of 
the application of polymer in construction industry. The dynamic mechanical properties of EVA polymer-modified 
cement pastes at early age were investigated by dynamic mechanical analysis at 0.49Hz-100Hz (loading frequency). 
Experimental results show that the dynamic flexural properties, as expressed by the storage modulus and loss tangent, 
ascended linearly with a logarithmic frequency. The storage modulus increased with the increase of the hydration 
time. On the contrary, the loss tangent of 3% and 5%P/C decreased according to increase of the hydration time at 
7dyas. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Cement-based materials are important for civil infrastructure. Polymer-modified cements which 
prepared by mixed cement and polymer emulsion together, have been widely used for structures attribute 
to their increased bond strength, reduced permeability, decreased water absorption, increased resistance to 
freezing and thawing, increased flexural and tensile strengths, increased flexural toughness and improved 
abrasion resistance[1-6]. Previous reports are mainly paid attention to their workability, strength, 
durability, the mechanism of modification and the static mechanical properties. Unfortunately, the 
dynamic mechanical properties of polymer-modified cement have received much less attention, in spite of 
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the fact that dynamic loading conditions are commonly encountered in civil infrastructure systems due to 
winds, sound, ocean waves, earthquakes and live loads. It is necessary to understand the dynamic 
behavior of polymer-modified cement. The main objective of this paper is to study the dynamic 
mechanical properties of polymer-modified cement. The dynamic mechanical properties which measured 
by dynamic mechanical analysis (DMA) are described by storage modulus, loss modulus and loss tangent. 
The elastic properties as described by the storage modulus are relevant to the stiffness and the anelastic 
properties as described by the loss tangent are relevant to the vibration damping capacity. Vibration 
damping is valuable for structures because it mitigates hazards of bridges, increases the comfort of the 
buildings and enhances the reliability and performance of structures. Previous researches are mainly 
concentrated on the dynamic properties of large amount polymer-modified cements at low frequency at 
hydration 28days [7]. However, the large amount addition of polymer decreases the strength and stiffness 
of the concrete. On the other hand, owning to cost of structure, the amounts of polymer are always low. 
This paper provides a systematic study of the dynamic properties of low amount polymer-modified 
cement paste at early age, and research on the storage modulus and loss tangent of polymer-modified 
cement paste sweep from low frequency to high frequency by dynamic mechanical analysis. Especially it 
is a new attempt to measure the polymer-modified cements paste at high frequency by using dynamic 
mechanical analysis. 
 
2. Experimental 
2.1. Materials 
Portland cement (Typeĉ ) from China United Cement Corporation is used for the cementitious 
material. The admixture used is ethylene-vinyl acetate copolymer (EVA) 5044 powder as supplied by 
Wacker Chemicals (China) Co. Ltd. The properties of the cement and EVA are showed in Table 1. to 
Table 2. 
 
Table 1.  Properties of Portland cement 
Water content 
for standard 
consistence 
Intial 
setting 
time 
Final 
setting 
time 
Soundness Flexure strength ( MPa˅ Compressive strength (MPa) 
3days 28days 3days 28days 
24.2% 150min 210min satisfied 4.5 - 27.9 - 
 
Table 2.  Properties of EVA 5044 power 
Solid content/% Ash content Bulk density Glass transition 
temperature 
Minimum  
film-forming 
temperature 
Mean particle size 
98-100 8-12 400-550 Kg/m3 -7ć 0ć 1-7m 
 
2.2. Specimens preparation 
The paste specimens were prepared with 1%, 3%, and 5% by weight of cement; water/solid content 
was 0.3. The EVA power was added to water firstly, and then specimens were prepared after the fresh 
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paste was mixed according to mixing ration, agitated it for three minutes. Then the mixtures were stored 
into a self-made steel plate mold with nominal dimensions of 60mm×12mm×4mm for the dynamical 
mechanical analysis. After vibrated for 25 times, the specimens were immediately placed into a curing 
room. The specimens were demoulded after 1 day and then allowed to cure with constant temperature 
(20±2ć) and constant humidity (65±5Č). Mechanical testing was performed at 1 day and 7 days. No 
aggregate (whether fine or coarse) was used. 
 
2.3. Instrument and Characterization methods 
Dynamic mechanical analysis (DMA) is a versatile technique widely used to test the dynamic 
mechanical properties of a wide range of samples including liquids, polymer film, latex rubber, prepreg 
and composites. In this paper, dynamic mechanical analysis was carried out on TA instruments DMA 
Q800 equipment operating in a three-point bending mode at 20ć. Scans were conducted using fixed 
displacement amplitude of 10ȝm and frequencies sweep from 0.49Hz to 100Hz, 16 points per decade 
were taken on logarithm scale. Measurements of storage modulus and loss tangent (tanį) were made 
simultaneously at various frequencies. 
 
3. Results and Discussion
3.1. Theoretical background 
When one kind of solid materials is subjected to a periodical load with strain control as equation (1), it 
is known that for an ideal elastic material, stress develops itself proportionally and simultaneously with 
strain, while a typical viscoelastic material may behave with a delayed stress response, as shown in 
equation (2). G is defined as lag angle, which characterizes the saliency of the viscoelasticity of the 
material. The material with larger G suggests more prominent viscoelastic feature.  
 
H = H0sinȦt                                                                                                                                                  (1) 
V = V0sin (Ȧ +G)                                                                                                                                        (2) 
H: strain, V: stress, Z: angle velocity, G: lag angle. 
 
In dynamic mechanical analysis, a mechanical modulus is determined as a function of temperature, 
frequency and amplitude. A periodically changing force (usually sinusoidal) applied to the sample creates 
and the instrument measures the corresponding deformation behavior. The mechanical modulus, M, is 
determined from the stress and deformation. The sample does not always immediately react to the 
periodically changing stress-a certain time delay occurs that depends on the viscoelastic properties of the 
sample. This is the cause of the phase shift between the applied stress and the deformation. To take this 
phase shift into account, the dynamically measured modulus is described by a real part M' and an 
imaginary part M". The real part (storage modulus) describes the response of the sample in phase with the 
periodic stress. It is a measure of the (reversible) elasticity of the sample. The imaginary part (loss 
modulus) describes the component of the phase-shifted by 90°. This is a measure of mechanical energy 
converted to heat (and therefore irreversibly lost). The tangent of the phase shift, tanį, is also known as 
the loss factor which is not influenced by the geometry factor and is a measure of the damping behavior 
of the material [8]. Damping is not only related to viscoelasticity and molecular movements, but also 
related to defects such as dislocations, phase boundaries; grain boundaries and various interfaces also 
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contribute to damping. The modulus and tanį depend on both the temperature and the measuring 
frequency. 
 
M = M' + M"i                                                                                                                                               (3) 
M' = (V0/H0)*cosį                                                                                                                  (4) 
M" = (V0/H0)*sinį                                                                                                                                        (5) 
 
3.2. Storage modulus 
The polymer-modified cement paste is a typical inorganic-organic composite system and where both 
cement and polymer act as co-binder system to provide the whole paste with proper modulus, strength 
and elasticity. The hardened cement paste is usually known as a brittle elastic solid with high modulus 
and low temperature sensitivity. Contrarily, the polymer is a typical viscoelastic material whose 
properties are highly related to temperature. Therefore it is reasonable to deduce that polymer-modified 
cement paste must bear viscoelastic features to some extent. It has been firmly proved that polymer to 
cement ratio (P/C) is one of the key factor that influence the dynamic mechanical properties. In terms of 
lower P/C ratio polymer-modified cement paste, the polymer phase is the dispersed phase distributing in 
cement paste, therefore cement plays a dominant role in the dynamic properties of polymer-modified 
cement paste. 
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Fig.1 Storage modulus of three EVA cement pastes at various frequencies (a) Hydration 1day   (b) Hydration 7days 
 
Fig.1 shows the storage modulus of EVA polymer-modified cement paste with P/C values of 1%, 3% 
and 5%. It is clearly indicated that the storage modulus of 1% P/C is the highest, and the storage modulus 
of 3% P/C is closed to the storage modulus of 5% P/C. Therefore, higher P/C value results in lower 
storage modulus during early hydration. For a certain EVA cement paste, its storage modulus is strongly 
depends on the load frequency. With frequency increasing, as shown in Fig.1, the storage modulus 
increased too. That is to say, as the frequency increases, the stiffness of polymer cement paste increased 
corresponding. The small extent of the increase shows that polymer cement paste at low P/C ratio is 
stiffness basically. Comparison of Fig.1 (a) and Fig.1 (b) shows that the storage modulus of the specimen 
increased as a result of cement hydration. At the hydration 7 days, the storage modulus of 3% P/C and 5% 
P/C had a higher rate of increase than that of 1% P/C.  
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3.3. Loss tangent 
For a typical viscoelastic material, the stress response to a strain oscillation with a certain phase 
difference G as described in equation (2). The damping characteristics of materials could be measured by 
loss tangent. As mentioned previously, the damping capacity depends not only on the material, but also 
on the loading frequency, as the viscoelasticity as well as defect response depend on the frequency. Fig. 2 
shows that the loss tangents of the three EVA cement pastes at various frequencies. It could be indicated 
that all loss tangents were small and had little changes when the frequency changes, suggesting that the 
damping properties of cement pastes were not obvious at low P/C ratio. At low P/C ratio, damping 
properties of polymer-modified cement pastes system were mainly determined by the cement. On the 
contrary, by the research of D. D. L. Chung [7], it can be concluded that the tanG increases with increasing 
latex amount at 28 days, implying that cement pastes with more polymer bears more evident damping 
feature. 
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Fig.2 Tanį of the three EVA cement pastes at various frequencies (a) Hydration 1day (b) Hydration 7days 
 
As shown in Fig. 2 (a), the loss tangent for 3% P/C exceeds that for 1% P/C and 5% P/C, due to 
hydrates, paste structure and polymer all contribute to the damping properties in the early stage of 
hydration. Although the polymer content of 3% P/C is less than that of 5% P/C, but the hydration reaction 
is faster than that of 5% P/C. Moreover, as polymer delays the hydration, the poor structures lead to the 
loss tangents is discrete. Fig. 2 (b) shows the loss tangent of EVA cement paste with P/C values of 1%, 
3% and 5% at the age of 7 days. The loss tangent of 1% P/C is enhanced by the hydration and it is the 
highest in the three specimens. The loss tangent of 3% P/C is similar to 3% P/C. The loss tangents ascend 
linearly with a logarithmic frequency. For the low P/C ratio, the loss tangents are determined by the 
hydration products and the structure. On the contrary, the amount of polymer becomes the dominating 
factor gradually of the value of loss tangent at high P/C as the P/C ratio increases [7]. 
 
4. Conclusions 
In this paper, dynamic mechanical properties of low amount polymer-modified cement paste at early 
age are investigated. The dynamic mechanical properties of EVA polymer-modified cement pastes (1-5% 
by weight of cement) were characterized by dynamic mechanical analysis with frequency sweep from 
0.49Hz to 100Hz, as expressed by the storage modulus and loss tangent. As a result, for a certain 
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polymer-modified cement paste, the storage modulus increased according to increase of the hydration 
time. On the contrary, the loss tangent of 3% and 5%P/C decreased according to increase of the hydration 
time at 7dyas. The loss tangent increased as the loading frequency increases.  
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